Abstract: We performed a hospital based case-control study in the southeast region of Korea to clarify the role of occupational exposure, especially manganese (Mn), in the etiology of Parkinson's disease (PD) and to discover the association between any occupation and PD. 105 outpatients with PD and 129 neurological disease controls and 101 healthy controls were interviewed. We employed occupational and industrial categories as defined by Section (the most broad category) and Division (sub-category) of the Korea Standard Industry Code and the Korea Standard Classification of Occupations. There was not a significant association between exposure to hazardous materials, especially Mn and PD. There were not any occupations listed under the Section of Industry Classification as a significant risk factor or protective factor for PD. However, the 'clerk' occupation [Section] was positively associated with PD. There is a decreased risk for PD with a subject ever having worked in the 'agriculture, forestry and fishery' occupational group. Ever having worked in 'sales' also was negatively associated with PD. There were not any Divisions of Industry found as a significant risk factor or protective factor for PD. However, ever having worked in an 'agriculture' Division of Occupation was negatively associated with PD.
Introduction
Parkinson's disease (PD) could be caused by environmental exposure to exogenous neurotoxins on a patient's genetic background [1] [2] [3] [4] . Studies on the relation between environmental factors and PD focused on agents that could cause nigrostriatal damage and, therefore contribute to PD, such as pesticides. Several studies have examined a possible relationship between PD and a premorbid exposure to various environmental factors, such as farming, rural living or well water [5] [6] [7] [8] , or heavy metal industries 4, [7] [8] [9] . Yet the overall epidemiological evidence in support of this relation between metal exposure and PD remains inconclusive. Data on the role of manganese (Mn) as a risk factor for PD is also contradictory. Gorell et al. 4, 7, 10) and Zayed et al. 11) reported an association between PD and Mn exposure. However, Semchuk et al. 12) , Seidler et al. 13) , and Vieregge et al. 14) failed to demonstrate any association between PD and Mn exposure.
We reported Mn-exposed welders with parkinsonism who turned out to have PD by 18 F-6-fluorodopa positron emission tomography (PET) or dopamine transporter imaging singlephoton emission computed tomography (SPECT) although they had significant Mn exposure and abnormal MRI findings 15, 16) . These cases have raised critical issues whether Mn exposure can act a risk factor for PD, or serves to trigger PD, or not. The issues lead to occupational health concerns whether a number of welders exposed to Mn could be more liable to get PD during their later lifetime. Our recent animal experimental study, however, suggested that Mn does not potentiate the neurotoxicity of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) 17) . Using this background, we performed a hospital based case-control study in the southeast region of Korea 1) to clarify the role of occupational exposure, and especially Mn exposure in the etiology of PD and 2) to discover the association between any occupation and PD.
Methods
The PD patients were recruited in one neurological clinic at the university hospital in Busan, Korea. This clinic was selected because the involved neurologist had a great expertise in PD. The areas served by this clinic were the southeast region of Korea. We believed that the southeast areas of Korea, including the near-by Ulsan Industrial Complex, were especially important, as exposure to environmental neurotoxins may have been higher there than in other areas.
All the patients diagnosed in 2001 or later were identified in order to minimize any recall bias. All the patients eighty years of age or more and those patients who misunderstood the interviewer were excluded. All the PD patients in the clinic were diagnosed according to the diagnostic criteria of United Kingdom Parkinson's Disease Society Brain Bank 18) . The exclusion criteria were: (1) Parkinsonism Plus (2) Secondary Parkinsonism (psychiatric drug medication, CO intoxication, aftereffect of encephalitis, manganism etc.) and (3) Essential Tremor.
Of the PD patients identified, 105 patients (N1) (42 men, 63 women; mean age ± SD = 63.58 yr ± 8.32) agreed to participate. We selected two control groups for the PD patient group, 129 neurological diseases controls (N2) (79 men, 50 women; mean age ± SD = 62.44 yr ± 8.01) and 101 healthy controls (N3) (44 men, 57 women; mean age ± SD = 58.39 yr ± 7.88) from the same university hospital. The neurological disease controls were composed of cerebrovascular disease patients. The second controls were healthy people who visited a health examination center in the university hospital and they were free from obvious disease symptoms. Healthy controls are composed of inhabitants in Busan and its nearby area visiting the center voluntarily and company-based workers visiting the center as a group. The proportion of the former was more than that of the latter. Residence areas of the patients and the controls visiting the university hospital were similar as Busan and its nearby areas, although ages of the two groups were rather different.
An informed consent was obtained from all the participants, after an explanation was given about the present study.
A structured questionnaire on risk factors was given to the study subjects, and trained research interviewers questioned the subjects in a face-to-face interview. The questionnaire elicited detailed occupational histories of the subjects' jobs that they had held for 6 months or longer. This history included information such as job title, company of employment, duration of employment, task performed, equipment and protective measures used, and exposure to Mn as well as life style, type of drinking water, history of taking nutrients, past history and family history etc.
The job histories of the subjects ran throughout adult life, and this material was classified using both the industry codes (KSIC) 19) and the occupational codes (KSCO) 20) for all case and control subjects. We employed a range of occupational and industrial categories as defined by Section (the most broad category) and Division (sub-category) of the KSIC. Along with the KSIC, we also used the KSCO as proxies of occupational exposure. The KSIC is a system for classifying business establishments into 20 industrial "sections" and it sub-categorizes industries by a five-digit code. The first two digits designate the "division" of the Industry. The KSCO codes group different jobs into occupational classes based on their similarities and it defines them using a five-digit occupational code, with the first two digits identifying a particular occupational group as a "division". All occupations were clustered into 1 of 9 broad "sections". These occupational histories were coded by trained staff members who were familiar with both coding schemes.
Logistic regression was used to calculate odds ratios (OR), 95% confidence interval (CI) and the p-values after adjusting for confounders such as age, sex, and smoking in order to test our hypotheses concerning potential associations 1) between the subjects having environmental factors and the related PD risk and 2) between the subjects having ever worked in specified occupational groups, as defined by the broad categories of the KSCO and the related PD risk. When the broad section sample sizes were sufficient, more specific sub-categorical divisions were then evaluated. A p-value less than 0.05 was considered statistically significant. Similarly, any associations between an industry and the PD risk were analyzed. Table 1 shows the association of environmental factors with PD. ORs and 95% CIs that are adjusted for age, sex and smoking status are presented.
Results
There was not a significant association between drinking well water and PD.
Concerning the taking of nutrients such as mineral tablets, there was not a significant association between taking nutrients and PD. As regarding the exposure to hazardous materials, especially Mn, such as welder, smelter, welding rod manufacturer, manganese miner, workers in the iron and steel industries, dry cell battery manufacturers, etc., there was not a significant association between exposure to hazardous materials and PD. Table 2 shows the association of the longest held occupation, that is, the section of industry and specific occupation with PD. ORs and 95% CIs that are adjusted for age, sex and smoking status are presented. Mean working duration (range) of the longest held occupation was 26.8 (1-61) yr.
There were not a significant association between any sections of industry and PD. However, in regards to the occupational classification of 'clerk', there was a positive association with PD (OR for N1 versus N2 3.89, 95% CI 1.28-11.82). On the other hand, the ORs suggest that there is a decreased risk for PD with ever having worked in the 'agriculture', 'forestry' and 'fishing' occupational group (OR for N1 versus N2 0.19, 95% CI 0.06-0.58). 'Sales' as his/ her longest job also had a negative association with PD (OR for N1 versus N3, 0.36, 95% CI 0.14-0.94).
We also observed the same results on the association of all occupations ever working for more than 6 months with PD. Table 3 shows the association of the longest held occupation, as defined by the Division of Industry and Occupation, with PD. There were not any Divisions of Industry that were seen as significant risk factors or protective factors for PD. However, 'farmer' Division of Occupation as his/her longest job was negatively associated with PD (OR for N1 versus N2 0.16, 95% CI 0.04-0.60).
We also observed the same results on the association of all occupations ever working for more than 6 months with PD.
Discussion
Our study had several strengths and strong points. It utilized quite a detailed method of coding occupational histories of PD patients and controls. Because the KSCO classification scheme is comprehensive and the job categories are well defined, this probably leads to minimal misclassification of occupations and an increased validity, and this added to the strength of our study. Moreover, in order to minimize the possibility of observation bias, the coded occupational histories were reviewed by an industrial hygienist that worked with our team, and this person was "blinded" to the subjects' case-control status. We employed well-trained interviewers to ascertain the lifetime occupational histories. The presence of an interviewer ensured accuracy and completeness of the data collected, and this decreased the number of invalid responses and unanswered questions.
Previous data on the role of Mn as a risk factor for PD is contradictory 4, 7, 10, [11] [12] [13] [14] [15] [16] [17] 21) . According to logistic regression in the present study, occupations with a high potential exposure to Mn such as welder, smelter, welding rod manufacturer, Mn miner, workers in the iron and steel industries and dry cell battery manufacturers did not correlate with PD after adjusting the confounders such as age, sex or smoking. Therefore, our Mn-related occupation study should be replicated. None of the industrial categories by Section or Division showed any significant correlation with the prevalence of PD. However, some broad occupational categories showed a significant correlation with the prevalence of PD. The 'clerk' section of occupation showed a positive association (OR for N1 versus N2 3.89). The 'sales' occupation showed a negative association (OR for N1 versus N3 0.36). The 'agriculture, fishery, and forestry' occupation showed a negative association (OR for N1 versus N2 0.36). The 'farmers' which is a sub-category of the broad 'agriculture, fishery, and forestry' occupation consistently showed a negative association (OR for N1 versus N2 0.16).
We should be cautious in comparing our finding with other study results because of differences in study design and with the methods utilized. As for the 'sales' occupation, we achieved the same results as those of Kirkey et al. 22) . They reported risk for the first time the inverse relationship between ever having worked in a service occupation and PD risk. They obtained complete occupational histories from living study subjects and each job was coded using both the DOT and SIC classification schemes. Additionally, all coding was reviewed by an industrial hygienist. They thought that those people worked in a service occupation may have been more likely to smoke, and it has been consistently shown that smoking provides protection against PD. However, we obtained the result from a multivariate analysis that was adjusted for smoking, and so we can not agree with their opinion. In contrast with the results of Kirkey et al. and the present study, Shulte et al. 21) observed excess mortality rates from PD for several occupational categories that would potentially be classified as service occupations using the DOT classification scheme. They used the "usual occupation" listed on the death certificate that was collected from the National Occupational Mortality Surveillance System, and the death data were grouped together by an industrial hygienist into different occupational characteristics.
In addition, Tsui et al. 23) examined the association of PD with various occupations. Occupational data of the case subjects were ascertained from medical records, while occupational information for the controls was assessed at the time of the 1991 Canadian Census. When classifying the occupations using the 1980 version of the Standard Occupational Classification, a significantly increased OR for PD was found for the combined category of "other primary" occupations (e.g., forestry, logging, mining, oil/ gas field work, etc.), as well as for teaching, social sciences/ law/library work, and medicine/health. Significant inverse relationships between management/administration, clerical, construction, and the "not applicable" group and PD risk were found. Because only the current occupation was known, and this was learned by using different methods for the case and control subjects who were less than age 65, their results are a bit difficult to interpret. On the other hand, we showed the positive association of PD with the 'clerk' occupation.
One of several explanations for this could be the difference in the detection rate of PD because employed workers are more accessible to periodic medical examination, as compared with self-employed workers.
Associations between 'agriculture, fishery, forestry' or 'farmers' occupation and PD are still inconsistent. There is a report that herbal medicine, insecticides and agriculture were related to neurochemical changs such as oxidative stress that's connected with nigral neural death of PD 24) . Gorell et al. 8) reported that 'farming' as an occupation was a risk factor for PD (OR=2.79, 95% CI, 1.03-7.55). Similarly, Semchuk et al. 5) found an increased odds ratio for agricultural work (1.94; p=0.017) and a dose-response relationship between years worked in field crop farming or grain farming occupations and an increasing PD risk. In contrast, results from an Italian case-control study 6) did not suggest that study participants who worked most of their lives as farmers were at an increased risk for PD (OR=0.6, 95% CI, 0.3-1.3). Furthermore, the present study consistently showed that the farming occupation by section and division showed a negative association with PD. To our knowledge, this is the first case-control study to find an inverse relationship between a farmer as his/her longest job and PD risk. Because of this unexpected finding, our work should be replicated in various populations. Future studies should also focus attention on potential environmental exposures (e.g., chemical, physical and biological) and common life style factors within these broad occupational categories and associated risk of PD.
In summary, our study showed that exposure to hazard, especially Mn, was not associated with PD, and there was an inverse relationship between a farmer as his/her longest job and the PD risk.
